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Measurement of the Thickness and Refractive Index of a Thin Film
Using a Double-slit Experiment
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‘We measured the thickness and refractive index of a thin film using a double-slit diffraction experiment. The amount of phase step in the transmitted
light generated by the thin film on the transparent substrate was measured by analyzing the diffraction pattern from the double slits. Experiments were
conducted not only in air but also in distilled water, to determine thickness and refractive index simultaneously. To verify the validity of this method,
we compared our values for thickness and refractive index to those measured using the well-established waveguide-coupling method. The suggested

method is expected to be applied as a new method to simultaneously measure the thickness and refractive index of thin films, along with existing
methods.
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Fig. 1. Schematics of experimental setup. Lens 2 images the focal point of lens 1 (A) to CCD, satlsfymg — + l :7, where f (= 1 m) is the focal

length of lens 2.
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Fig. 2. Calculated diffraction patterns when both beams pass through the bare substrate (solid line) and when one of the two beams pass

through the film (dashed line), (a) for o« = 3.9 mm > b, and (b) for & = 3.9 mm, b = 2.3 mm. Dashed lines were calculated for a phase difference of 2 3
Arrows marked with S indicate the central peak shifts due to this phase difference.
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Fig. 3. Deviation of the phase (¢, — ¢) estimated by Eq. (5) from the
given phase ¢ when a = 3.9 mm, b = 2.3 mm.
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Table 1. Thickness and refractive index evaluated from the measured S and D values when the surrounding medium is air or water

Surrounding . . Drneas Compensated . L
medium S (pixel) D (pixel) (rad) phase (rad) ¢ (rad) Thickness (um) | Refractive index
Air 19.41 33.84 1.147n 1.135% 3.147 £ 0.04
1.76 £ 0.02 1.563 £ 0.004
Water 21.73 33.45 1.2997 1.287n 1.297 £ 0.04

Table 2. Comparison of the thickness and refractive index values measured by the double-slit method and the waveguide coupling method

Sample Double-slit method Waveguide coupling method
Thickness (um) Refractive index Thickness (um) Refractive index
1 sample 1.76 £ 0.02 1.563 + 0.004 1.78 £0.01 1.5639 £ 0.0007
2 sample 1.82 £0.02 1.564 + 0.004 1.83 £0.01 1.5639 + 0.0007
3¢ sample 2.82+£0.02 1.564 + 0.004 2.81 £0.01 1.5636 £ 0.0007
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